Many streams in the Mediterranean Basin have temporary flow regimes. While timing for seasonal drought is predictable, they undergo strong inter-annual variability in flow intensity.
Introduction
Temporary streams are those watercourses that undergo a recurrent cessation of flow or the complete drying of their channel (Williams, 2006) , including non-perennial, seasonal, intermittent, episodic or ephemeral flow regimes (Datry et al., 2014a; Datry, Larned & Tockner, 2014) . Although temporary streams are very common in many regions of the world, historically they have been neglected by ecologists and there remains a general lack of understanding, protecting, and managing this type of freshwater ecosystem (Acuña et al., 2014) . In Europe, one of the challenges of the Water Framework Directive (WFD) is the ecological status assessment of temporary streams (Nikolaidis et al., 2013) .
The hydrological variability of temporary streams and associated ecological responses has hampered the assessment of their ecological status because tools and metrics have been primarily developed for perennial streams (Sheldon, 2005; Fritz, Johnson & Walters, 2008; Munné & Prat, 2011) . The cessation of flow represents a critical stage for the river ecosystem where abrupt changes in habitat availability and quality occur, together with associated changes in aquatic communities (Boulton, 2003) . Once connectivity is lost and pools become isolated, random and less predictive changes of the environmental conditions may occur, altering biological communities. For this reason, biological quality assessments using available standardized methods should be performed when stream mesohabitats (e.g. riffles, pools) are still connected (Bonada et al., 2006; Buffagni, Armanini & Erba, 2009; Buffagni, Erba &Armanini, 2010; Prat et al., 2014) . In this context, several studies have been devoted to characterizing not only a given hydrological state but also all the different stages that a watercourse may undergo (Boulton, 2003; Fritz, Johnson & Walters, 2006) . Recently, Gallart et al. (2012) developed a method based on rainfall-runoff models to describe six ecologically relevant aquatic states (AS) representing the different hydrological conditions of a temporary stream reach, ranging from a flood state (i.e. hyperrheic) to the complete absence of surface and subsurface water (i.e. edaphic). This approach resulted in a successful precondition classification tool, named AS-Tool, for the establishment of ecological status, and became a key element of the recently developed integrated assessment protocol for temporary streams in the Mediterranean Basin (i.e. MIRAGE-!toolbox, see Prat et al., 2014) . This tool provides information on the frequency of occurrence of aquatic states before the sampling and therefore allows to decide whether biological quality may be measured by the same methods as in permanent streams or not. However, the application of the AS-Tool can be hampered by 4 ! the absence of gauging stations, the lack of long-term environmental data, or by the influence of local factors such as streambed composition (e.g. bedrock or sand and gravel substrate) not captured by the models. For those cases where the AS-tool cannot be applied, the MIRAGEtoolbox aimed at providing an alternative method, named BioAS-Tool, based on the biological assessment of aquatic states (Fig. 1) .
On the one hand, macroinvertebrates are widely used as indicators of stream biological quality, including the assessment of flow conditions (Extence, Balbi & Chadd , 1999; Gore, Layzer & Mead, 2001; Suren & Jowett, 2006; Merigaux et al., 2009; Dunbar et al., 2010) . On the other hand, many biomonitoring programmes conducted in streams from the Mediterranean Basin have produced a large number of macroinvertebrate datasets, whereas hydrological data of the stream in question may be absent. Thus, the response of macroinvertebrate communities to changes in river flow may offer a surrogate method for assessing the aquatic state of temporary streams on the basis that macroinvertebrate communities continuously integrate local flow conditions. For example, the ratio EPT/OCH (i.e. the ratio between Ephemeroptera, Plecoptera and Trichoptera taxa, and Odonata, Coleoptera and Hemiptera taxa) has been used to describe stream flow connectivity in regions with Mediterranean climate (Bonada et al., 2006) . Additionally, from a community trait perspective, temporary streams are characterized by macroinvertebrate communities with strategies to cope with extreme hydrological conditions of flooding and drying, as different authors have shown (Williams, 1996; Bonada, Rieradevall & Prat, 2007a; Robson, Chester &Austin, 2011; García-Roger et al., 2013; Vidal-Abarca et al., 2013; Chessman, 2015) . These traits explain how organisms respond to environmental constrains and thereby facilitate formulating a priori predictions (Statzner & Bêche, 2010) . Thus, biological traits might be useful as indicators of flow connectivity, especially when considering large spatial scales (Statzner et al., 2001; Bonada, Dolédec & Statzner, 2007) .
Climate change predictions in Europe indicate that in particular the Mediterranean region will face severe stream flow deficits (Schneider et al., 2013; Forzieri et al., 2014) , increasing the vulnerability of temporary rivers (Acuña et al., 2014; Datry et al., 2014b) and causing permanent ones to become temporary (Datry, 2012; Schneider et al., 2013) . Such predicted changes have important implications for the ways in which we currently assess ecological status due to potential shifts in river typology, community composition and, consequently, reference condition baselines (Logez & Pont, 2012; Pace, Bonada & Prat, 5 ! 2013) . Thus, there is an urgent need to assess and monitor hydrological and ecological conditions in reference sites in the face of climate change (EC, 2009; Wilby et al., 2010) , including reference temporary streams.
The aim of this study was to develop a biological tool (i.e. BioAS-Tool) to classify the aquatic state of temporary streams either as flowing (F) or disconnected pools (DP) using the taxonomic and biological trait composition of the macroinvertebrate community as predictors. Macroinvertebrates from seven reference streams across the Mediterranean Basin were sampled during three years in different seasons, incorporating biogeographic, seasonal, and inter-annual differences in community composition. The rigor of the development of the BioAS-Tool is based on using macroinvertebrate samples from reference streams where hydrological variability and aquatic state classification are well studied (Gallart et al., 2012) .
The tool aims to enable users to predict the aquatic state that a stream reach has been subjected to before the sample was taken, and thereby to adequately assess the ecological status. Firstly, we assessed the effect of flow connectivity in traditional flow bioassessment metrics. Secondly, we examined shifts in community composition to select those biological predictors that best classified flow connectivity. Finally, we proposed a set of potential novel metrics that constitute the BioAS-Tool.
Methods

Study sites
This study was conducted in seven streams throughout the European Mediterranean Basin (Fig. 2) . The streams belong to five different circum-Mediterranean eco-regions according to the classification by Illies (1978) : Ibero-Macaronesian region (Enxöe and Taibilla), Pyrenees (Vallcebre), Western plains (La Vêne), Italy, Corsica and Malta region (Biferno and Candelaro), and Hellenic Western Balkan region (Evrotas), thus providing sufficient variation of the aquatic macroinvertebrate communities at regional scale. All streams were subject of study under the EU-funded research project MIRAGE (Mediterranean Intermittent River ManAGEment) and classified as reference sites, supported by Sánchez-Montoya et al. (2012) and Prat et al. (2014) . All these streams are considered as temporary according to the definition provided in this special issue (see articles in this special issue). Frequency graphs 6 ! of the aquatic states for some of streams studied here are described in Gallart et al. (2012) and (Girolamo et al., 2014) . Further details are shown in García-Roger et al. (2013) .
Sample collection and processing
In each stream, we surveyed 1 -3 reaches measuring 25 -30 m in spring and summer 2009 and 2010, autumn 2010, and winter 2011 (Table 1) . In each reach, the sampling integrated all mesohabitats (i.e., riffles and pools) and microhabitats (i.e., different mineral and organicbased substrata) (see García-Roger et al., 2013) . We sampled aquatic macroinvertebrate communities using a Surber (dimensions adapted to stream size: ranging from 0.0025 to 0.09 m 2 ; and 250 µm mesh), and preserved them in 4% formaldehyde to be identified in the laboratory. The identification of macroinvertebrates was done at family level, except for Copepoda, Hydracarina, Ostracoda and Oligochaeta, according to Tachet et al. (2010) .
Flow connectivity
Following the concept of critical thresholds in flow conditions (Boulton, 2003) , the degree of flow connectivity was classified into flowing (F) or disconnected pools (DP) based on the aquatic states obtained from hydrograms in the same streams by Gallart et al. (2012) that were used to develop the AS-Tool (Fig. 3) . In the study of Gallart et al. (2012) (Datry, 2012) .
To confirm the hydrological classification obtained from hydrograms we used direct field observations on the aquatic states synchronous with water discharge measurements.
Discharge (D) was obtained from automatic gauging stations or, alternatively, by measuring channel width and taking water velocity at a minimum of five equal subsections of the reach 7 ! selected. In total, 27 samples corresponded to F and 8 to DP and at least one stream per country presented one reach in DP conditions (Table 1) . Examples of the aquatic state classification and threshold flow values that separate their occurrence at different stream reaches of the present study are shown in Table 2 . As a general rule for all the streams not present in Table 2 , when D>0.5 l·s -1 the reach was classified into F while if D ≤ 0.5 l·s -1 into DP.
Biological traits
Biological trait data were originally obtained from Tachet et al. (2010) . We used 61
categories of 11 biological traits, which describe macroinvertebrate morphology (maximum potential size), life-cycle features (duration, number of cycles per year, aquatic stages), reproduction, resilience or resistance abilities (dispersal, resistant forms, locomotion), physiology (respiration) and feeding behaviours (food and feeding habits).
Based on the database at genera level with their affinity to each trait category using a fuzzy coding approach (Chevenet, Dolédec &Chessel, 1994 , Bonada et al. 2007a , Mellado et al., 2008 , we computed and re-scaled (to a 1-5 scale) the average affinity to a family level.
Although the common level of taxonomical resolution at which studies on traits in aquatic macroinvertebrates are performed is the genera level, it has been demonstrated that an accurate description of trait abundance and diversity may be achieved by identification at higher taxonomical levels (i.e. family), no matter the spatial scale (Dolédec, Olivier & Statzner, 2000; Gayraud et al. 2003) . Furthermore, the effect of the level of taxonomic resolution (family cf. genus) on the structure of biological trait data corresponding to a subset of the streams used in the present study was previously tested by García-Roger et al. (2013) and was small enough to be neglected. Considering the purpose of the present study and
given that most biomonitoring metrics use family-level identifications, we used family level to compute all community metrics. This coarse approximation will also allow application of the tool developed here to other family-level datasets from biomonitoring programmes in the Mediterranean Basin or other regions (Munné & Prat, 2009 , 2011 .
Community metrics 8 !
Two stream flow indices for rivers commonly used in bioassessment in the studied area were calculated: the ratio EPT/(EPT+OCH) (where EPT stands for sum of number of Ephemeroptera, Plecoptera and Trichoptera and OCH the sum of number of Odonata, Coleoptera and Hemiptera, all at family level) and the LIFE-F index (Lotic-invertebrate Index for Flow Evaluation; Extence et al., 1999) . The ratio (EPT/(EPT+OCH)) has been used to assess seasonal changes due to flow variation (Bonada et al., 2006) . The LIFE-F index is based on British macroinvertebrate preferences to flow velocity and has been used to assess macroinvertebrate community response to flow variability (Extence et al., 1999 ). These indices were tested for differences between F and DP for each community metric using nonparametric Kruskal-Wallis tests.
BioAS-Tool development
The development of the BioAS-Tool consisted of a two-step approach that involved the performance of two different classification methods using macroinvertebrate data as predictors (Fig. 4) . Firstly, we used the Random Forest (RF) algorithm (Breiman, 2001 ) to select the subset of biological predictors that best classified flow connectivity and propose them as potential new metrics. Secondly, we used classification tree (Ctree) analyses (Hothorn et al. 2014 ) to obtain thresholds for the new metrics and the existing metrics known to respond to flow conditions according to the literature (i.e. LIFE-F index and EPT/(EPT+OCH)).
Random Forest analyses
RF is a non-parametric classifier method that uses bootstrap samples of the data with replacement to grow a set of decision trees, allowing selection of the most popular assigned class, and thus producing a significant increase in classification accuracy (Liaw & Wiener, 2002) . Compared to other traditional statistical analyses, RF cannot be over-fit and are especially useful when there are few sample sites and many possible predictors (Breiman, 2001; Cutler et al., 2007) , as is the case in this study. Furthermore, RF provides measures of the importance of predictor variables, which can be used to understand the contribution of specific variables in a classification. Predictors can be considered informative if their variable importance value is above the absolute value of the lowest scoring variable and noninformative if their importance value varies randomly around zero (Strobl, Hothorn & Zeleis, 9 ! 2009). We built two RF models based on taxonomy and traits using the log-transformed macroinvertebrate family abundances and their relative abundance of each category per trait as predictors, respectively, obtaining the predictor importance. The subset of most important macroinvertebrate families and trait categories were therefore proposed as potential novel metrics to classify flow connectivity, as well as a multimetric index based on the sum of the proportion of each selected trait category. Furthermore, for the case of the trait-based RF model, we checked if the subset of trait categories selected as the most important predictors were within those that we a priori expected to predict flow connectivity (see Table 3 ).
Classification Tree analyses and selection of metrics
Ctree is a non-parametric method of recursive binary partitioning that creates splits in those input variables presenting (individually) the highest P relative to the response variable (Hothorn et al., 2014) . Unlike RF, Ctrees provide threshold values for each significant variable, thus facilitating ecological interpretation. We built one Ctree for each metric proposed and also for the existing metrics, and we tested for their performance in classifying flow connectivity. In order to assess each Ctree's performance we calculated: (1) (Manel, Williams & Ormerod, 2001) . We kept only those metrics with at least moderate performance (κ>0.4) and use them for validation with the additional dataset (see next section).
BioAS-Tool validation
The applicability of the BioAS-Tool was tested using external data from other reference All statistical analyses and graphs were carried out using R open-source software (R Development Core Team, 2014) using ade4 (Dray & Dufour, 2007) , vegan (Oksanen et al., 2014) , party (Hothorn et al., 2014) , and vcd (Meyer et al., 2013) packages.
Results
Effect of flow connectivity on streamflow biological indices
The ratio EPT/(EPT+OCH) presented lower values in DP compared to F, but only the LIFE-F index showed the significant differences between F and DP (P< 0.01) (Fig. 5) .
Biological predictors of flow connectivity
In order of importance, the abundance of Simuliidae, Hydrophilidae, Hydropsychidae, Heptageniidae, Planorbidae, Caenidae and Gerridae were the subset of macroinvertebrate families that best predicted flow connectivity in the taxonomy-based RF model (Fig. 6 ). In the case of biological traits, the proportion of filter feeders, organisms feeding on detritus < 1mm, temporarily attached to the substrate, fliers, with a mean body size between 1 and 2 cm, feeding on dead animals ≥ 1mm, with diapause and adult (imago) aquatic stages were prioritized as primary predictors in the trait-based RF model (Fig. 7) . Other trait categories a priori expected to be potential predictors of flow connectivity were not selected by the model.
!
Ctree results for each of the biological predictors selected by RF showed that not all the macroinvertebrate families and not all biological trait categories selected by RF models created splits to classify flow connectivity. Within this group were the abundance of Caenidae family and the trait categories corresponding to organisms with a mean body size between 1 and 2 cm, with diapause and adult (imago) aquatic stages, which were excluded for the subsequent analyses. Nevertheless, most of the taxonomical and biological predictors selected by RF classified flow connectivity into F or DP. For example, higher abundances of Hydrophilidae and Planorbiidae were more likely to be found in DP, with thresholds of 3.305 and 1.92 log+1 (ind m -2 ), respectively, together with the presence of Gerridae. In contrast, higher abundances of Simuliidae, with a threshold of 0.588 log+1 (ind m -2 ), and the presence of Hydropsychidae and Heptageniidae were more representative of F (Fig. 8) . As expected from our a priori predictions (Table 3 ), higher proportions of macroinvertebrates feeding on detritus < 1mm, filter feeders, temporarily attached to the substrate were more likely to be present in F, with thresholds of 16.7 %, 7.2 %, and 6.6 %, respectively (Fig. 9) . Also in agreement with our a priori predictions, higher proportions of macroinvertebrates feeding on dead animals ≥ 1mm and fliers occurred in DP, with thresholds of 2.6 % and 3.5 %, respectively (Fig. 9) . Consequently, five biological predictors formed the potential metrics to classify flow connectivity. Additionally, based on the performance and sum of the most important trait categories which are Detritus> 1mm, Filter feeder and temporarily attached, a new multimetric index is presented and named hereafter as Metatrait.
In general, the assessments of flow connectivity were more accurate in the trait-based
Ctree models compared to the taxonomy-based ones. Three of the 6 biological trait-based Ctree models presented a substantial performance (κ=0.64-0.70), whereas the others were moderate (κ=0.58-0.59). Within these, the most accurate Ctree model corresponded to detritus >1 mm (κ=0.7) and the Metatrait multimetric index (κ=0.67), both with 88.6 % overall accuracy (Table 4) . Within the taxonomy-based metrics, only the Ctree based on the LIFE-F index presented a substantial performance (κ=0.61), whereas others performed moderately (κ=0.40-0.59) or badly (κ=0). Metrics with κ=0 (i.e. Heptageniidae abundances)
were not considered for validation (see methods). The Ctree performed on the EPT/(EPT+OCH) ratio did not create any split to classify flow connectivity and, therefore, was not included in Table 4. 12 !
Validation
Only the metrics and thresholds that effectively classified into F or DP were calculated for the external data from other reference streams. When validating these metrics, the highest classification success of flow connectivity was obtained for the abundance of Hydrophilidae and the Metatrait multimetric index, respectively with 83.5% and 82.1 % of correct classifications (Table 4) . However, the classification success predicted with the abundance of Hydrophilidae was much higher for F (91.7 %) than for DP (20 %). In contrast, within the taxonomy metrics, Simuliidae abundance and the LIFE-F index, performed similarly when classifying DP and F, with correct classifications for both groups around 80%. Within the trait-based metrics, metrics such as organisms that feed on detritus >1 mm and filter feeders followed the same pattern when classifying DP and F. The lowest classification success was obtained for organisms feeding on dead animals of >1mm and Gerridae abundance, classifying 40.8 % and 47.2 % of stream reaches correctly, respectively.
Discussion
Macroinvertebrate families and traits as predictors of flow connectivity
The macroinvertebrate families that best predicted flow connectivity in this study agreed with their classification into rheophilic or limnephilic organisms (see Tachet et al., 2010; Mérigoux & Dolédec, 2004; Cid, 2010) and demonstrated a distinct shift of dominant taxa from F (i.e. Hydropsychidae, Simuliidae, and Heptageniidae) to DP (i.e Hydrophilidae, Planorbidae, Gerridae). Hydrophilids are typically from lentic habitats and were the most important macroinvertebrate family in predicting flow connectivity. These beetles are well adapted to temporary water bodies and have wide distributional ranges (Ribera, 2000) . They are also amongst the best indicators of pool habitats in temporary streams not only from the Mediterranean Basin (García-Roger et al., 2011) but also in temporary montane desert streams from Arizona (Bogan & Lytle, 2007) . The amphibious character of Hydrophilidae has been widely described, giving them the capacity to escape from pools when they completely dry out . While adults are herbivorous, the larvae are carnivorous and can also be cannibalistic, feeding almost on anything available as prey (Richmond, 1920) . Other studies have shown that they can avoid oviposition when predatory 13 ! fish are present in pools (Resetarits, 2001) . Recently, Picazo, Millán & Dolédec (2012) found that Hydrophilidae were the most diverse Coleoptera in terms of biological traits in Mediterranean freshwater ecosystems, confirming the high adaptation capacity of this family.
Other lentic macroinvertebrates, such as Planorbidae (Gastropoda), were more abundant in DP, in agreement with the results in Bonada et al. (2006) . Gastropoda were also more abundant in rewetted sediments from temporary streams compared to flowing streams in a study performed by Storey & Quinn (2013) . Reophilic taxa, such as Simuliidae, Hydropsychidae and Heptageniidae, were more abundant in F, as shown by other studies (Bonada et al., 2006; Bogan & Lytle, 2007) . However, within these reophilic families, Simuliidae was the best reophilic predictor of flow connectivity. Overall, our results complement the classical view that EPT and OCH taxa are the best indicators of flow connectivity (Bonada et al., 2006; Bonada et al., 2007a) .
Of the five biological trait categories that best predicted flow connectivity, only two (i.e. organisms feeding on dead animals ≥1 mm and fliers) were associated to DP, while others were associated to F (i.e. organisms feeding on detritus < 1mm, filter feeders, and temporarily attached). As expected, macroinvertebrates temporarily attached to the substrate were very abundant in F as a result of morphological adaptation to flow (Statzner & Bêche, 2010) . The same was observed for the proportion of filter feeders (Lamouroux, Dolédec & Gayraud, 2004; Mérigoux & Dolédec, 2004) , which could be related with the increased abundances of reophilic families, such as Hydropsychidae and Simuliidae. In general, biological traits provide a mechanistic response to direct stressors related with water discharge (e.g. near bottom flow), whereas indirect flow effects such as temporality may produce more diverse and equivocal responses (Statzner & Bêche, 2010) . As expected, those biological trait categories from our a priori hypotheses that are strictly linked to the action of flow were the best predictors of flow connectivity. This suggests that the observed shifts in the macroinvertebrate community are due to the selective loss of taxa susceptible to drying rather than selection for desiccation-resistant specialists, in agreement with other studies (Arscot et al., 2010; Datry, 2012; Vidal-Abarca et al., 2013) . However, other trait categories may become more important as a result of opportunism. For instance, the higher proportion of macroinvertebrates feeding on dead animals found in DP could be related with an increased mortality during drought (Ledger et al., 2011) . On the other hand, the higher proportion of fliers in DP suggests that aquatic invertebrates inhabiting temporary streams also have avoidance strategies to escape immediately to neighbouring water bodies (Bonada 14 ! & Resh, 2013) . The fact that other a priori predicted traits (e.g. life history traits) were not linked to flow connectivity could be explained by the Mediterranean behaviour of all these streams as a result of filters acting at larger spatial and temporal scales (Bonada et al., 2007a (Bonada et al., , 2007b .
!
Predicting flow connectivity using biological metrics: Bio-AS Tool
The selected metrics and thresholds proposed in this study were able to successfully classify flow connectivity in most of the reference temporary streams analysed. This provides a potential new method to determine flow connectivity at the reach scale that can be particularly relevant when hydrological data are missing and the AS-Tool developed under the MIRAGE project cannot be applied. Even when gauging stations are present, they may under-represent temporary river segments (Snelder et al., 2013) or provide stream flow statistics that could be a poor surrogate for ecologically significant reach-scale hydraulic metrics (Turner & Stewardson, 2014) . Therefore, the combination of metrics proposed by the BioAS-Tool can be an alternative method for predicting hydrological conditions of an temporary stream reach (e.g. AS-Tool, see Prat et al., 2014) , thereby becoming another important element of the integrated assessment for temporary streams provided by the MIRAGE Toolbox (Prat et al., 2014) . In order to exemplify the application of the BioASTool in ecological status assessments, we used a subset of the validation samples from one temporary reference stream taken in different seasons (spring and summer during 10 years) from which data on IBMWP index (Iberian Biological Monitoring Working Party, AlbaTercedor et al., 2004) was available. The IBMWP index is commonly used for water quality bioassessment in rivers from the Mediterranean Basin (Munné & Prat, 2009 ). On the one hand, these samples were classified as F or DP by direct field observations, and on the other hand, the same classification was used using the BioAS-Tool. The highest variability of IBMWP is displayed in the DP classification with direct field observation (Fig. 10a) , and corroborates the difficulty of evaluating antecedent flow conditions in DP. In contrast, the variability of the IBMWP index for the same samples was reduced when F or DP was classified using the Metatrait multimetric index (Fig. 10b) . Those samples presenting higher IBMWP values would have a macroinvertebrate community typical of F according to the BioAS-Tool, although DP was registered at the moment of sampling. Therefore, the aquatic community may be more representative of antecedent conditions than conditions present at the time the sample was collected. This can occur when sampling takes place just after the 15 ! fracture into several pools and the probability of finding predictors of F can be still high before the succession to a pool-dominated community takes place. In this sense, the classification of DP or F by direct observation in the field could be biased to any side whereas precision increases using the BioAS-Tool. This can be very relevant when setting reference conditions in temporary rivers. For instance, Sánchez-Montoya et al. (2009) were not able to validate the reference condition criteria using biological communities from temporary streams due to the high variability of reference values of biological indices. When only spring samples were used to establish reference conditions to minimize the effect of summer drought, a high variability was also observed depending on the index used (Sánchez-Montoya et al., 2010; Munné & Prat, 2011) . Therefore, rather than seasonality, between-site variability attributed to different frequencies and durations of connections and disconnections is indeed a key aspect to be considered . In this sense, the BioAS-tool can contribute to predict hydrologic conditions independently of the season, and, for instance, be applied in those samples taken in the past and used for setting reference conditions.
Although the methods used in this study offer robust and accurate classifications (Cutler et al., 2007) , several limitations were identified. Firstly, different percentages of DP correctly classified compared to F were observed for the different metrics, which could be associated to a high variability of ecological responses in each pool. For instance, the presence of riparian forest could buffer temperature increase through its shading effect (Beschta, 1997; Kristensen et al., 2013) and contribute toward maintaining the level of dissolved oxygen in the pool. Similar effects could be observed if the pool is connected to the groundwater. In contrast, if the pool remains exposed to direct solar irradiation the contraction process goes faster (Lake, 2011) . Depending on the time elapsed since disconnection took place, different environmental conditions may exert greater or lesser effects on biological communities because of changes in water quality (Lake, 2011) , available mesohabitats and microhabitats (García-Roger et al., 2011 , 2013 , and biological interactions (Acuña et al., 2005) . Secondly, the imbalance between the number of stream reaches in DP (n=8) and F (n=27) in the training dataset could have caused some level of bias in the classification, under-predicting the minority class (Evans et al., 2009) . Still, the classification performance using most of the trait-based metrics was higher compared to the taxonomybased metrics. Therefore, a taxonomy-based approach could be limiting when large spatial scales are compared due to the influence of historical or phylogenetic factors (Bonada et al., 2008) , whereas traits may be less affected (Bonada et al., 2007b) .
!
The Mediterranean Basin is considered a hotspot of biodiversity with high rates of endemism (Myers et al., 2000; Bonada & Resh, 2013) but also with highly threatened biota (Filipe et al., 2013) . Studies analysing climate change effects on the distribution of freshwater organisms and biodiversity have shown that southern European regions will be the most affected (Domish et al., 2013; Markovick et al., 2014) . In this context, given that long-term datasets on macroinvertebrates can be obtained from biomonitoring programmes usually identified at the family level, the BioAs-Tool could provide a site-specific history in flow connectivity by using samples collected in the past and contribute toward assessing temporal and spatial climate change effects in reference streams from the Mediterranean Basin.
This study is the first in providing a methodological framework for predicting aquatic states using both taxonomic and biological trait composition of macroinvertebrate communities from temporary streams. Although further development is needed, identifying the relevant metrics responding to flow cessation and their thresholds at the reach scale is of particular interest for monitoring, restoration and conservation purposes, especially knowing that the absence of hydrological data is a common problem in Mediterranean temporary rivers. This represents an important step towards an adequate management of rivers in the Mediterranean Basin as well as towards increasing their recognition in policies related to water and biodiversity.
Future perspectives
Changes in biotic communities with increasing flow intermittence are generally gradual, with no clearly defined thresholds (Datry et al., 2014) . Due to the management focus of our study, we defined thresholds of flow discharge (F and DP) and obtained the response of particular macroinvertebrate groups and biological traits. However, a detailed analysis of the gradual changes of biotic communities along the different hydrological conditions that the river ecosystem undergoes (from a flood state to complete drying) would be needed. This would allow the development of more precise tools needed to predict past and future hydrological conditions using biological data and advance in the science of temporary rivers.
24 ! Tables   Table 1. Summary of location, climate, flow connectivity and invertebrate sampling dates of the temporary streams used in this study (n=35). F, flowing; DP, disconnected pools. 
